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Abstract

Development and application of the inverse scatte-
ring problems of acoustic and seismic waves for
seismic data processing and investigation of sedi-
mentary cover is an actual and perspective ten-
dency. In this report we describe practical realiza-
tion of the Wave Analog of Common Depth Point
Method (WCDP) for 2D seismic data processing
and represent its testing on synthetic data corre-
sponded to typical geological objects: dipping re-
flectors, diffraction points and salt dome tectonic
model.

Introduction

The WCDP method is a method for multi chan-
nel seismic data processing. Among migration me-
thods on unstacked data the WCDP method stands
out by the fact that it is based on the strict solu-
tion (in linear approximation) of inverse acoustic
scattering problem using overdetermined multifold
data, A.N.Kremlev (1979, 1985). This problem
consists for 2D case in reconstruction of function
a(p) describing medium inhomogeneities by wave
field u(z,xo,t) registered for different source (zo)
and receiver (z) positions on free surface. This
wave field satisfies to the following Cauchy pro-
blem, Bleisten (1979):

O = A+ a@)u+ 05— ), (D)

ult<o = 0,

where ¢ is the velocity of acoustic waves in back-
ground medium and (7, go,t) € R? x R?> x R, 0 =
(z2), Po = (zoz0). The result of the inverse sca-
ttering problem solution for Cauchy problem (1) is
linear focusing operator:

dw dx dxp

by Eg%(p, X> Xow) ufXow),

a(p) =
(2)

which allows to calculate vizualization function
a(p) averaged over domain with size determined

by the signal wave length. In formula (2) function

Al 5 Xo,w) is the spectrum of observed field,
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is the kernel of focusing operatordfe O() is
Heaviside s function and v is apriory input wave ve-
locity.Bponential factor i) fdescuibeg

phase shift migration of source and receiver coor-
dinates analogot#l¢ago (1978) ddt
(1978) migration, but proceedings multipliers are
the result of strict inverse problems solution. It
is necessary to note that stacking formula (2) uses
input data overdetermination completely, like the
CDP method, and realizes useful signal accumu-
lation. It increas¢maiignahtio in obtained

stack and can be used for velocity analysis too.

Practical implementation of the
WCDP method

For practical realization of the WCDP algorithm
we use transform in (2) from the coordinates
”source-receiver” to the coordinates ”common mi-
dle point- offset” by the formulae:

m=(x+x0)/2, | =z —ux. (4)

In (x,z) coordinates aperture used for approxi-
mates calculation of the vizualiztion function a(p)
is guare ABCD situated on general seismic plane,
(seeBg. 1), with diagonal AC oriented along CMP
m-axes. In this case of increasing of investigion
depth and inclination angles of reflected bound-
aries it is necessary to increase summation base,
too: AC — AC,. As it seesifrom 1, the
number of seismic traces involved simuleneously in
data processing increasegadraticallyrthe-

more, domais (as Bi#ingles 2K andDLD ») ap-
pear which don t have real seismic data and which
we need to fill by zéro s traces I6F implemen-
tation. This step has artificial character and does
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not increase infomativity of profile. In (m,l) co-
ordinate aperture A’B’C’D’ is rectangle one and
volume of calculation increases linearly under in-
creasing of summation base. Taking into account
(4) and making the change

q=1( ——x +\/——xo

we obtain final stacking formula

ay(m,t) =/ ﬁe_’qt/ ﬁe’”m (5)
—0o0 —00
* dv 4
/ Z—(I)v(m,t,,u/,l/,q)U(/l/,V,q),
—_oo &T

where integrals with respect to variables g and p are
Fourier integrals which can be calculated by FFT
algorithm. Here ®,(-) and U(-) are the kernel of
focusing operator and the wave field spectrum in
new coordinates, correspondengly. Outline, also,
that computations in stacking formula (5) for fi-
nite aperture increase linearly with stacking base
increasing with constant offset range. It is very
important for reconstruction of inclined deep re-
flectors.

Reconstruction of typical geo-
logical objects

Fig.2 shows the result of pointwise reflectors recon-
struction disposed on different depth and different
parts of summation base. We can see good qual-
ity of such subjects reconstruction and, it’s worth
to note, the precise of diffractors reconstruction is
closed to its theoretical wave length limit. Figs.3
and 4 show the results of dipping reflectors recon-
struction in the case when (a) background velocity
used in the inversion, coincides with the real wave
velocity ¢ of the medium and for the case when
(b) these velocities differ one from another on 25%.
Note that for the case (b) inclined reflectors are re-
constructed stably inspite of big velocity difference,
though they move a little from their real positions.

Salt dome structure reconstruc-
tion

A model of salt-diaper structure is shown on
Fig.5.That model is highly representative for Cam-
pos Basin (Atlantic Ocean, Campos Offshore Deep
Water). The synthetic data were calculated by nu-
merical solution of the acoustic wave equation using
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finite-diffrence approach, acording to algoritm pro-
posed by Oliveira (1999), which considered both
variations in velocity and density of medium. The
data consists of 521 shot gathers spaced by 30m for
96 receivers spaced with same distance. Fig.6 and
Fig.7 show the results of the model reconstruction
with background velocity 1500m/s and 1600m/s.
All reflectors, including dipping reflectors and un-
dersalt interface are good rebuild though the last
one move away from their real positions due to
strong lateral velocity variations. We can see some
noise in the data due the presence of multiples,
spetially the water botton multiple. This indicate
the necessity of demultipling the data previous to
WCDP processing. Finally, it is important to men-
tion that the CPU time required by WCDP is com-
parable to the Stolt prestack algorithm.
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Figure 3: Reconstruction of deep oriented planes.
Angles 0,15,30,45 and 60 degries. Vijedqia =
Vinput = 2000m /s
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Fig gure 4: Reconstruction of d ped plan An-
gl 5 0,15,30,45 a d60dg v 000m/,
Vinput = 1500m/s
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Figure 5: A model of salt-diaper structure.
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Figure 6: WCDP result, Vippy = 1500m/s. Figure 7: WCDP result, Vippyr = 1600m/s.
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